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1) Output Mode Cleaner increased sensitivity to beam jitter

2) aLIGO active ISI system isolates less at hi-f than iLIGO passive

3) Active suspension damping is better than passive damping

4) We need in-vacuum structural damping

5) Smaller permanent magnets are better where beam jitter hurts

6) Commercial electronics were the source of inter-site correlated lines
7) Piezo systems caused severe long term glitching in S6

8) Turbulence in HVAC air and chiller water can be worse than motors
9) Repaving 240 reduced seismic S|gnal by >2

10) Upconversion: 30:
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OUTPUT MODE CLEANER
INCREASED JITTER COUPLING

ALIGO ACTIVE INTERNAL
SEISMIC ISOLATION LESS THAN
ILIGO PASSIVE AT HIGH
FREQUENCIES




ELIGO BEGAN WITH HUGE

ACOUSTIC PEAKS

Counterintuitively, when the dark port was moved into vacuum,
acoustic coupling increased by roughly a factor of ten due to higher
beam jitter coupling and less hi-f seismic isolation than passive stacks
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PEAKS LINED UP WITH HAMG IS
DRIVEN TRANSFER FUNCTION




ALIGO VACUUM TABLES HAVE
LESS HIGH-F ISOLATION
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aLlGO IS]1 meets specifications, its just that Hi-f
isolation is to he provided by suspensions




Rigid mount replaced with suspended mount

adLIGO tables have only 1 (HAM) or 2 (BSC) stages of
isolation in the audio band, while iLIGO had 3 or 4. We will
have to avoid rigid mounts and worry more about scattering
from tables and cages.




Most peaks gone, LHO & LLO
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REPLACING WIRES WITH THIN WIRES
reduced bounce mode frequency, moving peaks to where
they were mostly below background

H1:DARM _ERR |

~
-
7.:. 4
=
Y
2
c
&
=0"

Frequency (Hz)

*T0=30/07/2009 09:00:00 *Avg=20/Bin=2L *‘BW=0.374994



VERSION WITH BLADE SPRINGS
REDUCED BOUNCE MODES FURTHER




BUT HIGH FREQUENCY COUPLING
INCREASED WITH BLADE SPRING TTS

Coterence belore Sept 09 Incursion (Aug 30) |
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CAUSE: PASSIVE DAMPING?

Active damping bhest because it can be varied from
outside and it provides better hi-f isolation.




SHARP RESONANCES AROUND 900 Hz
LEAD TO HIGHLY VARIABLE COUPLING
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WE NEED IN-VACUUM DAMPING
REACHING HIGH FREQUENCY

Poster from Sebastien Biscans & Fabrice Matichard suggesting
mass/viton damping system. Something similar needed to damp
at 450 and 850 Hz on HAM6 and possibly others.

Keel Mass Dampers on Stage 2
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Oy, > Model of the keel mass damper.
Masses |- The Viton pad provides both the
spring and the damping.

The BSC-ISI design includes two keel masses necessary to
balance the system. These 400 Ibs masses are used as a
counterwelght to the optical payloads.

The idea presented here is to use these keel masses to make
spring mass dampers. The masses are mounted on Viton pads, ' 22
whose dimensions have been tuned to set the mass-spring <
frequency around 60 Hz,

This approach damps many resonances under 200 Hz as
shown in the graph on the right where the Qs are reduced by a
factor of 10.




PSL PERISCOPE PEAKS IN DARM

DLACK: nominel, DLUE: pleck 339 mirroe. RED: pluck botom miror, GAEEN: periscope |

Fraguency (M)
TOOR 37008 1IAT M Borge WD w3

Periscope body: 200, 340, 450 Hz
Bottom mirror mount: 410-420 Hz
Top mirror mount: 420-430 Hz




ID OF ACOUSTIC PEAKS IN DARM FROM
PLUCKING LLO PSL STRUCTURES
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UNIDENTIFIED: JITTER PEAKS
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SMALLER PERMANENT
MAGNETS ARE DESIREABLE ON
JITTER-SENSITIVE OPTICS




SOURCE OF 60 HZ SIDEBANDS
70 Hz magnetic field produced near OMC with amplitude matched to
ambient 60 Hz, produced similar feature in DARM

magnetometer
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MAGNETOMETER FEED-

FORWARD SYSTEM
Servo by Nic Smith
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SMALLER MAGNETS HELPED




LINES FROM COMMERCIAL
ELECTRONICS CAN BE
CORRELATED BETWEEN SITES




INTERSITE COINCIDENT LINES

FROM VME CPUS
Lines at 54.496 and 108.922 from isolated 7851

Jonathan Leong, Richard M., Dave B, Robert S.
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158 HZ PEAK FROM ISOLATED
FOUNDRY ETHERNET SWITCH

lan Simpson, Vladimir Dergachev, Robert Schofield
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S Hz COMB FROM PSL LASER
CONTROLLER

Refresh of Beckhoff display screen - solved by

powering with separate power supply
Rick S., Christian Veltkamp, Richard M., Robert S.
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PIEZO SYSTEMS CAUSED
SEVERE S6 GLITCHES

1) Gremlin: preceded by 600 Hz oscillation visible only on
PD1&2, no longer seen after 600 Hz notch added to OMC
length control.

2) ISCT1: eliminated by shutting down power supply to
RBS mirror piezo actuator.

3) Grid: eliminated by resoldering connections in piezo
power supply for OMC.




HVAC AND CHILLED WATER
HURT MOST THROUGH
TURBULENCE, NOT MOTORS




ST

Screen reduces low-f noise from HVAC fans

Low frequency noise
from large eddies.

Reduce eddy size with
screen

==

Screen reduces fan contribution to

‘ No screen




Reducing seismic noise by running chilled water
pumps at 45 Hz instead of 60 Hz

107 Seismic spectra in mechanical room
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ROAD REPAVING REDUCED
WORST 3-15 HZ SESIMIC
SIGNALS BY 2 TO 3




3-10 Hz PEAK SEISMIC NOISE DOWN BY >2
WITH RESURFACING OF HIGHWAY 240

3-10 Hz: trucks, km scale & closer anthropogenic, wind I [ 3-10 Hz: trucks, km scale & closer anthropogenic, wind l
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Pe'centiles from sorted 1 minute trend values (maxima) o£
HO:PEM-EY SEISZ 3 10Hz for 150 days starting Nov. 2

Amplitude Amplitude After paving/
Percentile 2008-2009 2009-2010 before paving

Maximum 10 Hz Newtonian noise estimates down by >2 for aLIGO




UPCONVERSION: 300 SERIES
STEEL CAN BECOME MAGNETIC
WHEN COLD WORKED




SEISMIC UPCONVERSION BEGAN
LIMITING RANGE IN 2004

- v ' §

- " -d . WO PEMEX SEISD
- u"f‘/ & Sed ~ »
4 v oot Possdss s d - . ‘ oo nt MO PEMEX SEIS2

seismic noise from distant excavation

T night spectrum
- !
10

up-conversion reduces
mterlferomezer sensitivity

| o

RS

H1LSCAS OREF1
MILSCAS QOREFZg-
MILSCAS QOREF)

Frequency (Mz)
TO=10/ 02004 12:30.42 “Avg+! BW=-0 0117187




LHO UPCONVERSION BEFORE AND

AFTER TEST MASS MAGNET SWAP
AND PREDICTED PAM MAGNET FORCES

Upconversion Predicted PAM
noise fit to magnet forces

before after ratioc

ITMX Se-«l12 2@ o 24 4.4

ITMY de-12 e 0.74 49 26 0.5

To test upconversion from individual test masses, directed LSC control to each
test mass using Rana’s resonant gain technique.

Take home message: TM magnet swap didn’t reduce upconversion
and no evidence that switching PAM magnets would have helped.




MECHANISMS OTHER THAN BARKHAUSEN?

Test mass magnet -
and standoff Suspension wires

e
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UPCONVERSION GOES WITH COIL
CURRENT NOT TEST MASS MOTION
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100 fold increase in —
common mode
motion of test 5
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Leads to small increase in
upconversion predicted °, -
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UPCONVERSION BURSTS GO WITH

COIL CURRENT NOT BEAM JITTER
'H
70 - 110 band of DARM

Beam jitter as seen hy
OMC quad diodes

Actuation coil current ; :




LHO AND LLO SIMILAR

$6 seismic upconversion flags from Ryan Quitzow-James (University
of Oregon) use similar weighting functions for coil currents.

Hanford and Livingston
Weighting Functions Similar!




BARKHAUSEN NOISE FROM SUSPENSION WIRE ?

»

Tomagnetic suspensior

2 (piano wire) passes
ear 0SEM




CAN MAGNETIC FIELDS REPRODUCE
SEISMIC UPCONVERSION ?

Coils in position at ITMY
for injecting magnetic
fields to test Barkhausen
magnetic domain change
noise hypothesis




UPCONVERSION FROM EXTERNAL
8 HZ MAGNETIC INJECTION
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LOCATION OF BARKHAUSEN
NOISE SOURCE

Source is assumed to be located where magnetic fields from
external and OSEM injections are equal, for equal upconversion

eNot suspension wires, because externally generated field at
wires was >100 times larger than 0SEM field for same
upconversion level

eNot other locations distant from O0SEM (e.g. earthquake stops)




EXTERNAL AND OSEM FIELDS MATCH

AT OSEM CENTER
FOR EQUAL LEVELS OF UPCONVERSION

Estimated magnetic fields at center of 0SEM coil

Location and
frequency From external coil From OSEM coil 0SEM/external coil

ITMY 8 Hz 98e-6T 8.94e-6 T 0.91
ETMY 8 Hz 9.86e-6 T 9.90e-6 T 0.94
ETMY 4 Hz 1.06e-5 T 7.20e-6 T 0.68
ETMY 2.5 Hz 9.33e-6 T 1.11e-5 T 1.19




FERROMAGNETIC MATERIALS FOUND
NEAR OSEM CENTER

OSEM circuit

The lens ring of
the diode chip is
ferromagnetic.

PAM screw suspended
from test mass magnet
(PAM magnet removed).




FASTENERS CAN BECOME MAGNETIC
WHEN COLD WORKED

Figure 7 WHEN COLD WORKING IS EMPLOYED, SOME |
NORMALLY NON-MAGNETIC AUSTENITIC
STEELS BECOME SUBSTANTIALLY MAGNETIC
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WHAT ABOUT ADVANCED LIGO?

Electrostatic control of test mass, magnetic control of
penultimate mass, so noise will be filtered by test mass
pendulum

Barkhausen upconversion should not limit adLIGO if:
eDisplacement noise at penultimate test mass is no more
than for iLIGO

eNoise is not greater at low frequencies than predicted
from spectral shape at 100 Hz




RISK REDUCTION PLAN FOR ADLIGO

eUse 316ss at indicated locations in all AOSEMs
eReplace the indicated fasteners in BS and FM BOSEMs




SUMMARY

1) Output Mode Cleaner increased sensitivity to beam jitter noise

2) aLIGO active ISI system isolates less at hi-f than iLIGO passive

3) Active suspension damping is better than passive

4) We need in-vacuum structural damping

5) Smaller permanent magnets are better where beam jitter hurts

6) Commercial electronics were the source of inter-site correlated lines
7) Piezo systems caused severe long term glitching in S6

8) Turbulence in HVAC air and chiller water can be worse than motors
9) Repaving 240 reduced seismic signal by >2




FERROMAGNETIC COMPONENTS IN
AOSEMS

Diode chips,
both transmitter
and receiver, can
be suspended
from magnet

Connector (with
suspended test
mass magnet)

Fasteners




FERROMAGNETIC COMPONENTS IN
BOSEMS

-’-. :, . ":',

flexicircuit, LED L
and photodiode
assembly

suspended from

test mass magnet




UPCONVERSION GOES WITH COIL
CURRENT NOT BEAMJITTER

DARM upconversion
region

Low f beam jitter from OMGC

quad diodes (pitch) ; | |

Low f coil current




CHECK: COIL CURRENT MUCH
SMALLER FOR EXTERNAL INJECTION
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CHECK: ONLY SMALL MAGNETIC
FIELDS AT HARMONICS

0 PN 4 Malira iy
MO PN BACIS MAGYIMEN)
O PEN-BS0 0 WAL TRy
MO PEN BACTS MALTIMY)
PO WM
MEAENERCS ALY
ARG Al T




CHECK: PITCH AND YAW MOTION FOR
EXTERNAL INJECTION IS MINIMAL
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CHECK: BEAM LINE MOTION WAS 10X
LESS THAN FOR OSEM INJECTION
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DETERMINING FIELDS TO NARROW
LOCATION OF NOISE SOURCE

Predicting fields inside BSC chamber from external coil

eFields assumed to drop off as 1/r3

eSmall correction for eddy current shielding (knee ~20 Hz)

eMeasured at 6 external locations to test prediction (including
opposite side of chamber)

eMagnetometer calibrated at 2.5, 4, 8 Hz

eStandard deviation of predicted/measured was 0.34, n=6




DETERMINING FIELDS TO NARROW
LOCATION OF NOISE SOURCE

Predicting fields from OSEM coil

B...... = 4pi x 1x10-7 N 1/ sqri(L2 + 4R2)

N = number of turns in 0SEM coil, 400 (unraveled and counted)

| = current through OSEM coil, from GOIL channel, calibration:
6.67e-6 A/count

L = length of 0SEM coil, 0.0047 (checked hy measuring)

R = radius of 0SEM coil, 0.01m (measured)




SUMMARY

1) External magnetic injections were used to test the hypothesis that
seismic upconversion is mainly Barkhausen magnetic domain noise.

2) External magnetic injections did produce upconversion and the
spectral shape matched that of seismic upconversion.

3) For matched levels of upconversion, the 0SEM and externally injected
magnetic fields were estimated to be equal at the 0SEM, suggesting
that the source of the Barkhausen noise is in the 0SEM.

4) Ferromagnetic parts were found inside the 0SEMs, the largest was the
PAM magnet screw.

5) A measurement of the Barkhausen noise from this screw should be
made to confirm that it was the source of seismic upconversion.

6) Barkhausen noise is unlikely to limit adLIGO (test mass actuation is
electrostatic) but to reduce risk, some screws in the penultimate mass
magnetic actuators will be replaced with 316ss.




